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Abstract

In recent years, research has focused on improving executive functions (EFs) through purposeful
training to improve athletic performance. Therefore, the aim of this study was to compare the
effectiveness of mindfulness training (MT) and Transcranial Direct-Current Stimulation (tDCS)
on response inhibition and sustained attention of teenage gymnast girls with a one-month follow-
up. 36 skilled gymnast girls with aged 12-15 years were selected as available and were equally
(n=12) divided into three groups of MT, tDCS and control. The experimental groups participated
in their exercise program for six sessions, and the control group did not do any activity. Go-no go
test was used to measure response inhibition and continuous performance test was used to
measure sustained attention. In order to analyze the data, the mixed ANOVA test was used using
SPSS version 26 software. The findings showed that MT and tDCS improved the participants'
sustained attention scores in the post-test phase compared to the control group (p<0.05), although
the difference between the two experimental groups was not significant (p>0.05). In the follow-
up phase, a significant difference was observed between the MT group and the other two groups
(p<0.05), while the MT group performed better. Also, comparing the groups at different stages in
response inhibition variable showed a significant difference between the experimental and control
groups at each of the post-test and follow-up phases (p<0.05). However, no significant difference
was observed between the two experimental groups at these stages (p>0.05). According to the
findings, it can be concluded that both MT and tDCS have an effect on the investigated variables,
and MT can be used by athletes as a suitable, low-cost and accessible way.

Keywords: Mindfulness, Transcranial Stimulation, Response Inhibition, Sustained Attention,
Gymnastics.
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Extended Abstract
Background and Purpose

Executive functions (EFs) play a vital role in athletes' daily performance and sports-related
cognitive processes (Sosic-Vasic et al., 2017). In recent years, research has focused on improving
executive functions through targeted training to prepare athletes for improved athletic
performance. Among emerging interventions, Mindfulness-Based Interventions (MBI)—a third-
wave cognitive-behavioral —approach—emphasizes present-moment awareness  with
nonjudgmental acceptance (Nosrat et al., 2022). Focusing one's attention on the present moment
in a way that is accompanied by complete and non-judgmental acceptance is the main focus of
mindfulness meditation. Another new treatment method is transcranial direct current stimulation
(tDCS), a method of non-invasive brain stimulation that can be used to alter the excitability of a
neuron's membrane by applying alternating electrical currents to the scalp (Slattery et al., 2022).
Although some research suggests that these two interventions may improve EFs, the results are
mixed. Due to the critical role of EFs in control and behavioral regulation (Shabahang et al., 2020)
and athletes' pursuit of peak performance, this study compared the efficacy of six sessions of
mindfulness training (MT) versus tDCS on sustained attention and response inhibition in
adolescent female gymnasts, with a one-month follow-up.

Materials and Methods

This quasi-experimental applied research employed a pretest-posttest design with a one-month
follow-up. The statistical population of this study included all skilled teenage female gymnasts
in Yazd province. 36 participants were selected via voluntary and convenience sampling and
randomly assigned to three groups; MT (n=12), tDCS (n=12), and control (n=12). Response
inhibition was assessed using the Go/No-Go task, while sustained attention was measured via the
Continuous Performance Test (CPT). Participants in the experimental groups (MT or tDCS)
participated in their training protocol for six sessions, and the control group did not receive any
intervention during this period. Finally, Post-tests and follow-ups were conducted after the final
session and one month later, respectively, and the results were recorded.

Results

The findings indicated the significance of the interaction of time * group, the main effect of time
and group in all variables (p <.05). The examination of the intragroup changes of the three groups
using the analysis of variance with repeated measures test showed that there was a significant
difference between the stages in each of the experimental groups. Also, between-group
comparisons of groups at different stages using one-way analysis of variance for the variable of
sustained attention (correct response) showed that there was a significant difference between
groups at the post-test (p=0.002) and follow-up (p=0.005) stages. Post hoc Tukey tests showed
that there was a significant difference between the experimental and control groups in the post-
test phase (P<0.05), but there was no significant difference between the two groups (P>0.05). In
the follow-up phase, a significant difference was observed between the MT group and the other
two groups (p<0.05), but the difference between the tDCS group and the control group was not
significant (p=>0.05).

Comparison of groups at different stages in response inhibition variable (correct response)
showed no difference between groups at the pre-test stage (p=0.36) and significant difference at
the post-test and follow-up stages (P<0.05). The results of Tukey's post-test test at each of the
post-test and follow-up stages showed significant difference between the experimental and
control groups (p<0.05). However, no significant difference was observed between the two
experimental groups (p>0.05).
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Conclusion

The aim of the study was to investigate the effectiveness of MT and tDCS interventions on
sustained attention and response inhibition in adolescent female gymnasts with a one-month
follow-up. According to the results, MT enhanced sustained attention and response inhibition
scores in the post-test and follow-up stages. These results are consistent with the findings of Gao
& Zhang (2023) on the immediate effect of meditation on improving attentional control and
Quach et al. (2016) on the effect of MT on cognitive functions. Researchers believe that MT
simultaneously strengthens the elements of attitudes, attention, and intention in an individual, and
that improving these components allows them to develop a perspective on experiences that moves
away from a judgmental, objective, and unexplained state of thoughts, feelings, and emotions as
transient phenomena and toward non-judgmental, receptive thinking, and a sense of flexibility in
their mental processes (Olya & Aghababa, 2022; Quach et al., 2016).

The results also showed the effect of tDCS intervention in improving sustained attention and
response inhibition in the post-test phase, but the interesting point was the return of scores for
both variables to pre-test levels in the follow-up phase. Some studies show that stimulation
through electrical current can lead to brain changes by regulating brain-derived neurotrophic
factors and cell membrane transporters, creating brain oscillations and inducing neuroplasticity,
and is widely used to change the electrophysiological activity of the brain and consequently
improve response inhibition and sustained attention in athletes (Amouzadeh et al., 2024). In a
general explanation of the effectiveness of tDCS, it can be stated that the prefrontal cortex
mediates executive functions. This region is associated with complex cognitions such as selective
attention, selective memory, working memory, strategic memory, conceptual reasoning, goal
selection, planning, sequencing, and monitoring (Alizadeh et al, 2019).

The results of the study showed that both MT and tDCS led to improvements in sustained attention
and response inhibition of participants in the post-test phase, and the effectiveness of the MT
program was greater than that of tDCS. Future research should explore combined protocols and
longitudinal applications in athletic populations.
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